Using the generalized factorization approach, we calculate the CP asymmetries of charmless B decays. A number of decay channels has large CP asymmetries, which can be measured in the B factories.
Introduction
The sourse of CP violation is one of the unsolved problem in the standard model (SM). The richness of charmless hadronic decays of B meson provides a good place for study of CP violation 1 . When B 0 andB 0 decay to a common final state f , B 0 -B 0 mixing plays a crucial role. It interferences with the direct CP asymmetries. For other decays, B 0 andB 0 decay to different final states, for example
No mixing is involved here. They are similar to charged B ± decays. CP asymmetry has no time dependence. The direct CP asymmetry is important even if for neutral B meson decays.
If there is only one amplitude contributing to the decay, both the strong phase and weak phase can be factored out. we have Γ = Γ. So there is no direct CP asymmetry. That is the case for D meson decays and B meson going to heavy meson decays, like B → J/ψK S . If there are two amplitudes, the decay rate of Γ and Γ may be different. If the strong phase difference between the two amplitudes M 1 and M 2 is not zero (δ 12 = 0) and the weak phase difference of the two amplitudes is also non zero (φ 12 = 0), we have Γ = Γ. The direct CP asymmetry is A CP = 2r sin δ 12 sin φ 12 1 + r 2 + 2r cos δ 12 cos φ 12 ,
where r = |M 2 |/|M 1 |. A CP depends on 2r/(1 + r 2 ), sin δ 12 and sin φ 12 . If one of the three parameters is small, then A CP is small. In many decays, we do not have all these conditions, then there is no sizable direct CP violation. However, most charmless decays have large values for 2r/(1 + r 2 ), where M 1 is tree amplitude and M 2 is penguin amplitude. Furthermore, the CKM parameters for the tree diagram and penguin diagrams are different providing weak phase differences.
Direct CP asymmetries require an interference between two amplitudes involving both a CKM phase and a final state strong interaction phase dif-ference. The weak phase difference arises from the superposition of penguin contributions and the tree diagrams. The strong-phase difference arises through the perturbative penguin diagrams (hard final state interaction), or non-perturbatively (soft final state interaction). The soft part is not important which is shown in some model calculations 2 . There are also some other contributions, such as annihilation diagram and Soft final state interaction. Mostly, their contributions to branching ratios are small 3 . Probably their contribution to A CP is also small. This is also shown in some model calculations 2 . The method of Isospin or SU(3) symmetry 4 which requires a set of measurements to solve the uncertainties is sometimes difficult for experiments. We estimate these strong phases in specific models, such like the generalized factorization approach, which can be tested by experiments.
CP Violation Classification and Formulae
For charged B ± decays the CP-violating asymmetries are defined as
The charged modes are self-tagged decay channels for experiments. They are easy to be measured. For B 0 decays, more complication is from the B 0 − B 0 mixing. The CP-asymmetries may be time-dependent, if the final states are the same for B 0 and B 0
Here the direct CP violation parameter a ǫ ′ is defined as
which is the same defination as the charged B decays. And a ǫ+ǫ ′ is mixinginduced CP violation 1 . In this note we will concentrate on the direct CP asymmetries.
b → s (b →s), transitions
First we parametrize the decay amplitude like this way
where
is . T and P i are the tree and i (i = u, c, t) quark penguin contributions, respectively. Working in SM, we can use the unitarity relation ξ c = −ξ u − ξ t to simplify the above equation,
where we define
Thus, the direct CP-violating asymmetry is
First, we note that |ξ u | ≪ |ξ t | ≃ |ξ c |, with an upper bound |ξ u |/|ξ t | ≤ 0.025. In some channels, such as
The CP-violating asymmetry in this case is
where z 12 = |ξ u /ξ t | × T /P tc . We show the CP asymmetry of B → K * + π − as an example in Figure 1 . It is easy to see that, there may be large CP asymmetries in this decay channel. Besides the CKM parameter ρ and η, the CP asymmetry is also sensitive to the gluon momentum k 2 , which is related to the size of strong phase. If k 2 is known, the strong phase is predictable, we may use A CP to determine sin φ 3 . The first 6 channels of Table 1 There are some decays with vanishing tree contributions (T = 0), such as
Then for these decays, the CP-violating asymmetry is
Without the tree contribution, the suppression due to both P uc /P tc and |ξ u /ξ t | is much stronger. The CP-violating asymmetries are only around −(1-2)%. Some estimates of the channel B + → πK 0 S show that even including the annihilation and soft final state interaction, the CP asymmetry of this decay is still small 2 . This means that this channel is clean for new physics to show up. In table 1, we can see that CLEO's central value of this decay indicates a large CP asymmetry maybe possible.
b → d (b →d) transitions
Similarly to the b → s transition, we can define the CP asymmetry as 
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with ζ i = V ib V * id , and again we have used CKM unitarity relation ζ c = −ζ t −ζ u . For the tree-dominated decays, such as
, ρ + ω, the relation P uc < P tc ≪ T holds. The CP asymmetry is
with z 1 = |ζ t /ζ u | × T P tc /T ′2 , and T ′2 ≡ T 2 − 2T P uc cos δ uc . The CP asymmetries are proportional to sin φ 2 . They are large enough for the experiments to detect them. The theoretical predictions of these decays are shown in table 1.
For the decays with a vanishing tree contribution (T = 0), such as
, the CP-violating asymmetry is approximately pro-portional to sin φ 2 again,
with z 3 = |ζ u /ζ t | × P uc /P tc . As the suppressions from |ζ u /ζ t | and |P uc /P tc | are not very big, the CP-violating asymmetry can again be of order (10-20)%. Unfortunately, these channels have smaller branching ratios 1,3 . More charmless decay channels are discussed in ref.
1 . Some of them are more complicated than the ones we discussed above. There are also some other interesting decays like B → K * γ, B → Dπℓν, B → ππℓν 6 , etc. They have small CP asymmetries in SM. They are sensitive to new physics.
Models of Calculation
In the Factorization Approach 3,7 , the two body B meson decays can be factorized as two products:
where C i is the corresponding Wilson coefficients. The second factor on the right side of the equation is proportional to the meson decay constant. The last term is the corresponding form factors. The strong-phase differences arise through Bander-Silverman-Soni Mechanism (BSS) 8 . In this picture, the perturbative penguin diagrams involving charm and up quark loops, where the light quarks can be on mass shell, providing the strong phases. They are mostly sensitive to the gluon momentum k 2 . For numerical calculations, we use k 2 = m 2 b /2 ± 2GeV 2 . In the perturbative QCD approach (pQCD) 9 , we need one hard gluon connecting the spectator quark. Strong phases are from the non-factorizable diagram and annihilation diagram, where the innner quark or gluon propagator can be on mass shell. The pQCD approach is based on factorization, and goes one step further. In pQCD, we can calculate annihilation diagrams and also the non-factorizable contributions. The k 2 of gluon is well defined in this approach. We have calculated the B → ππ decays in this approach, and the results compared with the factorization approach in Table 2 .
Summary
The recently measured direct CP asymmetries for
, and B + → ωπ + are encouraging news for direct CP violation in B decays, although the signal is not significantly excess background. 2 and µ. CP-asymmetries well over 10% in these decay modes will be a sign of new physics. The decay channels of B → K * ± π ∓ , K * ± π 0 , K * ± η, K * ± η ′ , K * ± ρ ∓ and K * ± ρ 0 , have measurably large CP-violating asymmetries. A good measurement of the CP-asymmetry in any one of these decays could be used to determine k 2 . Such that the theoretical predictions of all other channels make sense. We also hope that the perturbative QCD approach could solve the remaining uncertainties in the factorization approach. With the two B factories and other hadronic machines, a number of decays is going to be measured soon.
